Morphometric Analysis and Flash Floods Assessment of River Taraba Basin in Taraba State, Nigeria by Gabriel, Adelalu Temitope et al.
European Scientific Journal July 2020 edition Vol.16, No.20 ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
158 
Morphometric Analysis and Flash Floods Assessment 




Adelalu Temitope Gabriel, 
Mohammed Bakoji Yusuf, 
Benjamin Ezekiel Bwadi, 
Department of Geography, Taraba State University, Jalingo, Taraba State 
Yakubu G. Clement, 
Department of Geography, College of Education, Zing, Taraba State 
 
Doi:10.19044/esj.2020.v16n20p158     URL:http://dx.doi.org/10.19044/esj.2020.v16n20p158  
 
Abstract 
Morphmetric analysis was conducted for River Taraba Catchments 
Area in Taraba with an emphasis on its hydrological response to storm events 
using geospatial techniques. The Study Basin comprises of nine small 
watersheds. The drainage network is dendritic. RTCA is a 7th order drainage 
basin, with an area of 15777 km2, having a perimeter of about 959km.The Lo 
value registered was 1.64 km .This denote gentle slope and stretch paths 
network on the watershed. The mean Rb varies between 3.0 and 5.14 for the 
catchment, indicating a transitional zone of geological structure with a less 
remarkable influence of structural disturbances. Value of drainage density 
indicates moderate runoff potentials. This depicts geological structures which 
do not distort the drainage pattern as such. The Basin have long Lb, of 242 km 
.This is an indicative of low flooding susceptibility. The elongated the basin 
length, the little the effect on the extent to which the surface runoff manipulate 
the basin and been lowered by agents of denudation. Catchment 
characterizations of the study area and basin morphometry do not typify high 
flooding susceptibility. Environmental degradation through proliferation of 
haphazard and uncontrolled development within and around the flood plain 
seems the cause of incessant flooding in the catchments.  Hazards occur when 
people place themeselves in the path of geophysical and climatological agents. 
Governments should discourage influx to buffer and exploitation of  the 
drainage basin in the study area. 
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1.  Introduction 
As climate change infiltrate and influence every sphere of the globe, 
the continuous assessment of the drainage basin as a fundamental geomorphic 
unit in water resources development and management cannot be relegated. 
Information on the morphometric features is pivotal to the management of 
basin. Importance and derivation of quantitative information on basins’ 
features have long been recognized but early bidders utilized traditional 
(Horton, 1945, Schumm, 1956; Hadley and Schumm, 1961) and multivariate 
statistical method (Mather and Doornkamp, 1970). GIS and remote sensing 
application have rolled away into dungeon of forgetfulness the stress 
associated to traditional method of enquiry into basin morphometry (Gabriel 
et al, 2019). 
Morphometric analysis addresses statistical correlation of 
morphometric characteristics of drainage basin and basin hydrology. These 
types of statistical measure are developed to describe valley side, channel 
slopes, area, relief, drainage pattern type and extent of a basin. This analytical 
description of this physical division of landforms in a watershed is imperative 
to assess flash flooding susceptibility and basin management. It is fundamental 
for watershed prioritization for soil and water conservation, and water 
resources management. According to Farhan et al, (2016), it facilitates 
hydrological prospecting, assessment of the potential of groundwater 
recharge, and mapping of flood-prone areas. The study helps in understanding 
geomorphic evolution of drainage basins, landforms and slopes development 
(Hadley and Schumm, 1961). Other areas where the derived morphometric 
parameters notably compatible (dimensional and dimensionless) have 
registered application include the study of changing pattern of land form 
(Ward, 2007), flood hazard mapping (Diakakis, 2011), appraisal of 
hydrological potential of engaged basins (Ezemonye and Emeribe, 2013) and 
diastrophic studies (Sule and Bilewu, 2017). However, even with the fast 
opportunities remote sensing and GIS techniques avail, analytical description 
of the physical division especially, about drainage morphometric that 
influence flood (drainage density, drainage frequency, meandering ratio, 
stream order and bifurcation) relevant and appropriate for accurate planning 
of a catchment especially on River Taraba in the study area has not been 
documented. There are records of analysis of some basins in different parts of 
the globe outside Nigeria (Ward, 2007; Pankaj and Kumar, 2009; Hajam et al., 
2013; Rama, 2014; Nanda et al., 2014) and in Nigeria (Ajibade et. al., 2010; 
Eze and Effiong, 2010; Ashaolu, 2016; Sule and Bilewu, 2017; Ikusemoran 
et.al, 2018). In the study area, concerns with natural hazards are much, 
however the studies in this regard are rare, but the increasing development of 
many catastrophic events in the last decades has raised the ideas of many 
researchers. River Taraba is one of the major tributaries of River Benue in 
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Taraba. Despite its water resources prospective critical for socio-economic 
development of the region and Taraba state at large (Adebayo and Bashir, 
2005; Adelalu, et al 2018), there are few available literature regarding the 
characterization of this river in the State to aid in the development, 
management and sustainability of the basin (Gabriel et.al, 2019).  This present 
study attempts assessment of the hydrological response of the basins to 
morphometric parameters using Geospatial techniques. 
 
2.  Study Area 
River Taraba is one of the major tributaries of River Benue in Taraba 
State. The basin lies between latitude 60 591 and 80 391 north of equator and 
between Longitude 100 191 and 110 521 east of the Greenwich Meridian in 
Taraba State (Fig. 1).It lies diagonally across central Taraba. The basin is 
bordered on the north by Mutum Biyu, on the east by Ghashaka and 
Maisamari, on the south by Donga and Sabongida, and on the west by River 
Benue. There exist nine sub-basins in the study area and these sub-basins 
network with the river and drain a total area of about 15777 km2 having 
perimeter of about 959km. The river traverses seven main towns in the middle 
region of the State before emptying to River Benue at the Western part of the 
State. The towns include, Bali, Gangumi, Gayam, Jamtari, Karamti Serti-
Baruwa, and SarkiRuwa. These areas are probable to flooding and could be 
gripped when impaired by encroachment through human activities in the 
region. 
The study area is characterized by tropical continental climate marked 
by dry and wet seasons. Dry seasons last for a minimum of five months 
(November-March) while the wet seasons spans from April to October. Mean 
annual rainfall is less than 1000 mm in latitude 9⁰ (Adebayo, 2012) and 1350 
mm recorded in the Southern part of the study area. The rainfall distribution 
pattern in the study area shows a decrease from the south to the northern part. 
Maximum temperature ranges between 26⁰C to 39⁰C while minimum 
temperature ranges between 15⁰C to 18⁰C.  
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Figure 1: Catchments area of River Taraba 
 
2.1  Soil types of the study area 
The soil of the study area is a product of four primary factors: Climate, 
vegetation, lithology and topography (Oruonye, 2014). It can be classified into 
two major groups following the Food and Agriculture Organization (1974) 
genetic classification system. These are the ferruginous tropical soils and 
alluvial soils. The ferruginous tropical soil derived from crystalline acid rocks 
of the basement complex. Using the harmonized world soil database 
downloaded from the site Worldmap.havard.edu/data/geonade:DSMW_RdY 
depicts six different soil types (Fig 2). Among these are Dystric Fluvisols, 
Ferric Acrisols, Ferric Luvisols , Fluvisols, Lithosols, and Numic Nitosols. 
The soil ranges from deep well- drained dark red coarse stony sands and gravel 
on the higher pediment slopes surrounding the inselbergs and hills through 
shallow stony brown sandy fine gravels to deep moderately drained yellowish-
red concretionary loamy fine sands on the lower slopes (Carter et al.1963). 
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Fig 2: Soil types of RTCA 
 
2.2  Land use type of the study area 
Figure 3 shows the land use types of the study area. The result of the 
land use analysis for the catchment shows a natural vegetation cover of about 
10902 km2, which is about 69.1% of the catchment area. Cultivated area and 
the bare land amount to about 3818 km2about 24.2% of the basin area.  Built-
up area covers of about 1057 km2, occupy just 6.7%. Owing to the incidence 
of large vegetation cover, which is more than half of the basin area, generally, 
one would have expected a low rate of flooding in the study area. Good 
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coverage and lack of vegetation cover in some areas provide support evidence 
of a little flooding in some areas and high flooding in some area that are highly 
denuded. According to Kelemen and Blist’anova (2014), the susceptibility of 
a place on the world to flood is a function of the region’s exposure to the 
hazard (natural event) and the anthropogenic activities (the extent of built-up; 
transformation on the terrain) which impede the free flow of water. 
Conversely, it can be said of the study area that the transformation is 
concentrated to flood plain as people place themselves in the path of 
geophysical agents. As the rainfall shorten (Adebayo, 2012) farming 
stakeholders migrate to the plain thereby, increases pressure on the watershed.  
 
Fig 3: Land use types of RTCA 
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3.  Materials and Method 
3.1  Data Sources and Methodology 
Topo sheets that were used for this work include: SHEET 235, SHEET 
255 and SHEET 256. The sheets were used initially to demarcate the 
boundaries of the watershed, then, the ArcHydro tool was utilized to delineate 
the final watershed boundaries and stream networks for the catchment. These 
maps with a scale 1:50 000 of the area published (1968) was obtained from 
the archive of Federal Surveys Department of Nigeria. Other materials 
explored for the actualization of the objective of this work include (i) Digital 
Elevation Model (DEM) of 30 m resolution. This DEM was acquired from the 
Shuttle Radar Topographic Mission (SRTM) available for the globe and 
downloaded from http://srtm.usgs.gov/data/obtaing.html. (ii) Soil image 
acquisition was from Digital soil map of the world (DSMW)  
http://Worldmap.havard.edu/data/geonade.html (iii) The geological profiles 
of RTCA was obtained from harmonization of the maps from two ministries 
of work: Federal surveys map of 1959 and the Geological Survey map of 
Nigeria in 1985.  
ArcGIS tools were employed to derive, and calculate the 
morphometric characteristics of the watershed. Topographic feature for the 
study area such as drainage map, slope categories, elevation were generated 
using the Spatial Analyst module. The stream order maps were compiled from 
the flow direction map. Basic parameters of the basin such as: area (A), basin 
length (Lb), perimeter (P), stream order (u), stream number (Nu), stream  
length (Lu), were measured directly from the DEM using GIS software while 
the derived  parameters such as bifurcation ratio (Rb), drainage density (Dd), 
stream frequency (Fs), length of overland flow (Lo), circularity ratio (Rc), 
elongation ratio (Re), basin relief (Bh), relief ratio (Rr), and form factor (Rf) 
were calculated based on mathematical relations in Table1. 
Table 1: The Morphometric parameters and their mathematical formula used for this study 
Morphometric Parameters Methods Reference 
Linear Aspects   
Stream order (U) Hierarchical rank Strahler (1964) 
Number of Streams (Nu)  Nu=N1+N2…….Nm Horton (1945) 
Stream length in km (Lu) Lu=L1+L2………Lm Horton (1945) 
Mean stream Length (Lum) 
Bifurcation Ratio (Rb)                    







Areal Aspects   
Area in km2  (A) Area calculation Schumm (1956) 
Perimeter in km (P) Perimeter calculation Schumm (1956) 
Length of the basin in km(Lb) Length calculation Schumm (1956) 
Drainage density (Dd) 
Stream frequency (Fs) 
Circulatory ratio (Rc) 
Dd= Lu/A 
Fs= Nu/A 
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Elongation ratio (Re) 
Form factor (Ff) 
Drainage  intensity (Id) 
Length of overland flow (Lo) 
Lemniscate ratio (K) 
 
Relief Aspects 
Basin relief in m (H) 
Relief ratio (Rh) 
Relative Relief (Rhp)   
Ruggedness number (Rn) 
Re = 2/ Lb*√(A/λ) 
Ff = A/Lb2 
Id = Fs/Dd 
Lo = 1/Dd*0.5 
K = L2/4A 
 
 
H = Z - z 
Rh = H/Lb 
Rhp = H*100/P 










Strahler, (1964)  
Strahler, (1964) 
 
4.  Results and Discussion 
4.1  Drainage Network of RTCA 
4.1.1 Stream Order, Stream number (Nu) and Bifurcation Ratio (Rb) 
Fig. 4 shows the axial divides, links and lay out of the stream and the 
basin. Table 2 shows the results of the linear features of morphometric 
parameters for the RTCA. 
 
Fig 4: Stream order of the RTCA 
 
The highest order obtained using the DEM is 7th order. So the basin is 
designated as 7th order drainage basin.  The total number of streams (Nu) for 
the nine watersheds is 9205, and the first order streams account for 80.2% of 
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the total number of streams in the basins. As it is common to all drainage 
basins, the number of streams gradually decreases as the stream order 
increases.  Stream length (Lu) is a significant hydrological property and 
indicative of runoff characteristics, geomorphic development of stream 
segments, and tectonic instability. In most of the studies of river basins, it is 
observed that the higher the order, the longer the length of stream. The stream 
length has been calculated according to the law elaborated by (Horton, 1945). 
The total stream length varies between 267 km to 12893 km for the catchments 
under study. The first order   streams constitute 67% of the total stream length.  
The stream length characteristics of river Taraba also confirm Horton’s second 
law (Horton, 1945). Mean stream length (Lsm) value recorded for the 
catchment is 2.09.Stream length ratio (RL) is the ratio between the mean 
lengths of streams of a given order to the mean length of streams in the next 
lower order. RL is considered as a significant factor in relation to both drainage 
composition and geometric development of drainage basins (Horton, 1945). 
Not much variation is noticeable in RL values between the streams of different 
orders pertaining to catchments except between stream order 6 and 
7.Bifurcation ratio is elaborated by Balogun et al., (2013) and Bharadwaj et 
al., (2014) as an indicator of the complexity and degree of dissection of a 
drainage basin. In Taraba river Basin Bifurcation ratio ranges from 3.0 to 5.14 
with Rb4.31. Iron, (1985) posited three different Bifurcation ratio categories : 
Bifurcation ratio <3 indicates flat region, between 3 and 5 bifurcation describe 
geological structure which do not distort the drainage pattern as such and >5 
bifurcation is a drainage network which are litho logically and structurally 
controlled. High bifurcation figures denote that drainage development of the 
watersheds is remarkably influenced by structural disturbances. Low values of 
Rb in River Taraba watershed is representative for homogeneous bedrock 
(Chorley 1969 and Waugh 1996). It suggests that River Taraba is structurally 
less disturbed, with little or no distortion in drainage pattern. Disturbance such 
as warping, alternating high rounded hills and intervening flat topped ridges 
and rejuvenation of the drainage network are not clear cut in the study area as 
such. 





















1 7386 12893.3 1.75 - 0.26 4.31 1.64 
2 1435 3431.15 2.39 5.14 0.42 
3 302 1468.32 4.86 4.73 0.49 
4 62 722.13 11.65 4.79 0.41 
5 15 302.93 20.20 3.88 0.13 
6 4 39.58 9.90 3.0 6.73 
7 1 266.58 266.58 -  
TOTAL 9205 19242.86      
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4.2  Area Features and RTCA 
Values of the Area features of the RTCA are listed in Table 3. Area 
features are measure of the basin geometry. According to (Ayoade, 1988), it 
has important control over the geometry of the stream network thus influence 
the shape of the hydrograph.  The shape of the basin determines the lag time 
and the period of ascend among other hydrograph parameters. A number of 
indices were used to depict the watersheds’ shape. Such considered were the 
circularity ratio (Rc), elongation ratio (Re), lemniscates ratio (K) and form 
factor (Ff). Others include Areal aspects that relate to texture of the drainage 
topography. These indices are drainage density (Dd), stream frequency, 
drainage intensity (Id), length of overland flow (Lo). 
 
4.2.1  Circularity (Rc), Elongation (Re), and Lemniscates ratio (K) 
The circularity ratio of almost 0.22 is a suggestion that the River 
Taraba basin is not circular in shape. The elongation ratio of 0.58 is an 
evidence of the fact that the basin is not circular. Sule and Bilewu (2017), 
posited that categorization index for elongation ratio ranges from less than 0.5 
– 1.0. Chow (1988) had earlier submitted that strongly elongated basins have 
circularity ratios of between 0.40 and 0.50. Singh and Singh (1997) subscribed 
that a circular basin is more efficient in runoff than an elongated one. Re value 
for River Taraba is greater than 0.5 (0.58) (Table 3). This means the basin is 
elongated or less elongated with low relief and mild slopes.  This implies that 
catchment show longer time to peak. It means basin produce a flatter peak of 
direct runoff for a longer duration. What then brings about the continuous 
yearly flooding of ever increasing magnitude? Lemniscates ratio (k) describes 
how closely the actual drainage basin shape approaches the loop of a 
lemniscates ( Ivanova et al, 2012). It is considered a useful index to distinguish 
one morphometric region from another, and to express quantitatively the 
structural control over basin shape. The k value for River Taraba catchment 
area is 0.925. The value indicates that River Taraba catchment is less 
elongated and has a less delayed time to peak flow.  
 
4.2.2  Form factor (Ff) and Stream frequency (Fs) 
Morphological characteristic of a watershed like form factor has 
powerful influence on watershed hydrology. (Ff)  has been elaborated by 
Horton (1945) to forecast the flow intensity of river basins. According to him, 
it is the relative amount of the area of basin (A) vis -a- vis the square of the 
basin length (Lb). Catchments with low (Ff) value tend to be elongated, which 
give low peak flows for longer duration, and thus reduce the chance for the 
basin to flood. On the contrary, catchments with high (Ff) values experience 
high peak flow of short duration. Catchment with high (Ff) gives flood of 
stronger and advanced velocities associated with bigger erosion capacities.  
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The (Ff) values for the nine sub-basins in the RTCA ranges from 0.18 to 0.27. 
These values indicate that basins under study are more elongated and 
elongated in shape with low peak flows of longer duration.(Horton, 1932) 
define Stream frequency (Fs) as the total number of stream partitions of all 
levels within the basin per unit area. (Fs) is a suggestive of stream network 
allotment over the river basin. (Fs) ranges from less than 1 to 6 or even more 
depending on the lithology of the basin (Kale and Gupta, 2001). There exist 
relationship between (Fs) and flood potential of an area. Sreedevi et al, (2013), 
confirmed that high (Fs) means more percolation with respect to drainage 
density and thus more groundwater potential. The observed stream frequency 
(Fs) value for the River Taraba is 0.58. This implies gentle slopes, with 
intermediate permeability rocks, thus make possible moderate infiltration and 
less erosive surface flow and consequently, less flooding. Low (Fs) in RTCA 
is an indication that the catchment possesses a low relief and almost a flat 
topography. 
 
4.2.3  Drainage density (Dd) and Drainage intensity (Id) 
Drainage density (Dd) is the total length of stream per unit area divided 
by the area of the basin (Horton, 1945). High Dd values denote high runoff and 
low infiltration rate (Farhan and Ayed, 2017).Drainage density has been 
associated to the presence of impervious underlying bedrocks, spare plants, 
and hilly relief. On the contrary, low drainage density implies low runoff, low 
relief, high infiltration and groundwater recharge. The calculated value of Dd 
for River Taraba is 1.22 km / km2. Low Dd obtained in RTCA suggests that 
the catchment have a high percentage of permeable underlain and good 
vegetable cover (Nageswara et al., 2010). It therefore expected that runoff 
from the catchment should be moderate (Raghunath, 2008). In fact at the time 
of this write up the warning again have been issued that people at Santride and 
Natride, mostly farmers at Gassol should move out of their farming areas to 
prevent the looming flood.  
Table 3: Area Aspects of RTCA 
BASIN AREA 15777 km2 
BASIN PERIMETER 959km 
BASIN LENGTH 242 km 
FORM FACTOR 0.27 
ELONGATED RATIO 0.58 
CIRCULATION RATIO 0.22 
DRAINAGE DENSITY 1.22 
STREAM FREQUENCY 0.58 
LEMINISCATE RATIO 0.008 
CONSTANT CHANNEL MAINTENANCE  0.82 
DRAINAGE TEXTURE  9.59 
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4.3  Relief Parameters for the Watersheds 
4.3.1  Basin relief in m (H), Relief ratio (Rh) and Ruggedness Numbers 
(Rn) 
 
Fig 5: The digital elevation model of RTCA 
 
Elevation difference between the lowest and the highest point of a 
given catchment area is term basin relief.  Strahler,(1964) posited that relief 
measures are indicative of the likely energy of a drainage system present by 
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virtue of elevation above a given datum. Relief is fundamental in 
understanding the denudation features of any catchment, landforms and 
drainage networks evolution, overland flow, through flow, and erosional 
behaviour of the catchment (Farhan, et al., 2016). The total relief of the River 
Taraba catchments varies from 103 m to 2244 m. The lowest point (pour point) 
located at Natride while the maximum height is found at Gembu. According 
to Schumm (1956), relief ratio (Rh) was defined as the total relief of the 
catchment and the longest dimension of the basin parallel to the principal 
drainage line. The Rh value for the basin is 9.28 (Table 4).Low value of Rh as 
depicted in River Taraba basin indicates the predominance of slow erosion 
processes. Ruggedness number (Rn) is a dimensionless parameter 
representing the product of basin relief (Bh) and the drainage density divided 
by1000 (Strahler, 1952).The works of Patton and Baker (1976) elaborates the 
index’s worth to measure the flash flood potential of a drainage basin while 
Sujatha, et al.,(2013) exemplifies the geometric features of drainage basins 
concern. High value of Rn is obtained when both relief and drainage density 
are large. River Taraba depicts a low (Rn) of about 2.74. 















103 2244 2142 9.28 2.74 
 
Conclusion and Recommendation 
Morphometric analysis carried out for river Taraba confirms the 
presence of nine sub basins. There is no pronounced variation in the 
geomorphometric attributes characterizing the catchment. Drainage density 
(Dd), relief ratio (Rh), elongation ratio (Re), circularity ratio (Rc) and 
ruggedness number (Rn) are intermediate. Medium values of bifurcation ratio 
in the basin indicate transitional zone of geological structure with a less 
significant influence of structural instability. The overall mean bifurcation 
ratio was low. This is a suggestion that the landforms and geology of the study 
area do not vary from basin to basin. Rainfall to runoff ratio is expected to be 
mild and moderate. Invariably, the variation in the conversion of rainfall into 
runoff from one catchment to another will depend much on the exposure or 
denudation activities on the basins.  RTCA is dendritic. The longer the basin 
length the little the influence on the extent to which the surface runoff 
manoeuvre the basin and been lowered by agents of denudation. 
Charaterizations of the RTCA from basin morphometry do not demonstrate 
high flooding susceptibility especially in terms of low mean catchment slope, 
low drainage density (Dd) and stream frequency (Fs). Variations in 
morphometric and morphological characteristics of this catchment have not 
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notably influenced the potential of flash floods occurrence. Previous losses 
incurred through flood in this region seem self-induced. This occurred as local 
community dwellers placed themselves in the path of geophysical agents 
through encroachment. In summary, environmnetal degradation through 
profiliration of haphazard and uncontrolled development within and around 
the flood plain seem the cause of incessant flooding in major parts of the 
catchment. 
It is therefore recommended that human activities that could impact 
negatively on the drainage network should be discouraged. Governments 
sholud discourage influx to buffer and exploitation of  the drainage basin in 
the study area. 
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